The combination of Pd catalyst and triethylborane induces allylic alcohols to undergo direct electrophilic allylation of soft nucleophiles. Similar conditions also accelerate nucleophilic allylations of aldehydes and aldimines to provide homoallyl alcohols and homoallylamines, respectively. Moreover, 2-methylenepropane-1,3-diol undergoes a sequential amphiphilic activation to react with aldehydes and aldimines, giving rise to 3-methylenecyclopentanols and 3-methylenepyrrolidines.
I. INTRODUCTION
Allylation is among the most useful and efficient methods to construct complicated molecules in synthetic organic chemistry [1, 2] . This mini-review describes allyl alcohols that are capable of serving both as allyl cation and allyl anion equivalents and perform amphiphilic allylations under a catalytic system of palladium with triethylborane. Scheme 1 outlines the Pd-catalyzed activation of allyl alcohol in the presence of triethylborane.
Triethylborane activates the allyl alcohol by coordination to the hydroxy group followed by oxidative addition of Pd(0) on the allylic C-O bond to form a π-allylpalladium species. In this case, the π-allylpalladium species serves as an allyl cation if nucleophiles are present, regenerating an active Pd(0) species and triethylborane, and at the same time liberating one molecule each of the expected allylation product and water. In the absence of nucleophiles, triethylborane acts to promote an exchange reaction of the ethyl and allyl groups of the π-allylpalladium species, which gives rise to an allyl anion species along with decomposition of the ethylpalladium moiety into Pd(0), ethylene, and water. Thus, the combination of Pd (0) and triethylborane works for the generation of both allyl cation and allyl anion species directly from allylic alcohols to achieve amphiphilic allylic alkylations. 
II. ELECTROPHILIC ALLYLATION
In the presence of a catalytic amount of Pd(OAc) 2 and triethylborane, electrophilic allylation of amines with allylic alcohols takes place smoothly to provide N-allylated amines in excellent yields (Scheme 2) [3] . In this case, the choice of phosphine ligand is crucial to the successful performance of the reaction. For example, in the allylation of aliphatic amines, tri(n-butyl)phosphine is essential, whereas aromatic amines undergo the reaction with triphenylphosphine.
C-Allylation of active methylene compounds can be performed with similar ease.
For example, α-acetyl-γ-butyrolactone undergoes electrophilic allylation to give α-allylated α-acetyl-γ-butyrolactone in excellent yield at room temperature [4] [5] [6] . Indole undergoes electrophilic allylation at the C3 position using one equivalent of allyl alcohol in the presence of a catalytic amount of Pd(PPh 3 ) 4 and triethylborane.
Two equivalents of allyl alcohol provided C3 diallylated indolenine exclusively (Scheme 3) [7] . The advantage of the present Pd/Et 3 B system is that it is also capable of direct
Friedel-Crafts alkylation of naphthols and benzene polyols with allylic alcohols. This methodology is regarded as a C-H activation of aromatic compounds. 2-Naphthol underwent the allylic alkylation at the α-position to provide 1-allyl-2-naphthol along with a 1,1-diallylated product (Scheme 6) [9] . The electrophilic allylation is applicable for selective cyclization in the synthesis of heterocyclic compounds (Scheme 8) [11] . The combination of Pd(0) catalyst and triethylborane at THF reflux promotes 5-exo trigonal cyclization of a 1:1 diastereoisomeric mixture of 3-hydroxy-2-(2-hydroxyethyl)-4-pentenamide to construct a tetrahydrofuran ring as a single isomer through nucleophilic attack of the hydroxy group on the π-allylpalladium species. The α-allylic alkylation of alkyl aldehydes and ketones with allylic alcohols reported so far requires both reaction partners to be preactivated: allylic alcohols as their esters and halides; and ketones and aldehydes as their metal enolates, enol silyl ethers, or enamines [12, 13] . Under the Pd/Et 3 B reaction system, α-allylation of alkyl aldehydes can be readily achieved by direct use of aldehydes and allylic alcohols. The secondary alkyl aldehyde cyclohexanecarbaldehyde nicely reacts with a wide structural variety of allylic alcohols to provide α-allylated cyclohexanecarbaldehydes (Scheme 9) [14] . Primary alkyl aldehydes showed quite different reaction features (Scheme 10). 
III. NUCLEOPHILIC ALLYLATION
In the presence of nucleophiles and Et 3 B, the π-allylpalladium complex is converted to allylborane, which is known to serve as an allyl anion equivalent. The Pd/Et 3 B reaction system has been successfully extended to the nucleophilic allylation of various aldimines from aromatic aldehydes and even aliphatic aldehydes bearing enolizable protons. Aldimines prepared from isobutyraldehyde and p-anisidine (PMPNH 2 ) in situ by azeotropic removal of water were treated with allyl alcohol in the presence of Pd(OAc) 2 , n-Bu 3 P, and Et 3 B (Scheme 11) [15] . Lactols produced aldimines by exposure to p-anisidine and nicely underwent nucleophilic allylation in reasonable yields (Scheme 12) [16] . The reaction showed high regio-and stereoselectivity to provide the expected product as a single stereoisomer. The reaction can also be extended to the nucleophilic allylation of ribose. This route may be synthetically useful because the reaction can be performed without protection of the polyhydroxy functional groups (Scheme 13) [16] . However, the combination of aliphatic amines and aliphatic aldehydes produced a complex mixture. Therefore, an alternative reaction route using a Pd catalyst and 
V. CONCLUSION
The Pd/Et 3 B catalytic system promotes the generation of allyl cations, allyl anions, and zwitterionic trimethylenemethane species from the corresponding allylic alcohols. Allyl cation species react with a wide variety of nucleophiles, e.g., amines, active methylene compounds, aromatic compounds, and at the α-position of alkyl aldehydes. Allyl anion species react with aldehydes and aldimines to give homoallyl alcohols and homoallylamines. Zwitterionic trimethylenemethane species, generated from 2-methylenepropane-1,3-diol, undergo a sequential amphiphilic activation to react with aldehydes and aldimines to give rise to 3-methylenecyclopentanols and 3-methylenepyrrolidines, respectively.
